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LOW SPEED AUTOGYROYAW CONTROL 
APPARATUS AND METHOD 

BACKGROUND 

1. Related Applications 
This application: is a continuation of U.S. patent applica 

tion Ser. No. 13/545,904, filed Jul. 10, 2012, which claims the 
benefit of U.S. Provisional Patent Applications Ser. No. 
61/499,996, filed on Jun. 22, 2011; is a continuation of U.S. 
patent application Ser. No. 13/199,677, filed on Sep. 7, 2011, 
which claims the benefit of U.S. Provisional Patent Applica 
tion Ser. No. 61/381.347, filed on Sep. 9, 2010; is a continu 
ation of U.S. patent application Ser. No. 13/199.679, now 
issued as U.S. Pat. No. 8,668,162, on Mar. 11, 2014, which 
claims the benefit of U.S. Provisional Patent Application Ser. 
No. 61/403,136, filed on Sep. 9, 2010; is a continuation of 
U.S. patent application Ser. No. 13/334,261, filed on Dec. 22. 
2011, which claims the benefit of U.S. Provisional Patent 
Application Serial No. 61/429,282, filed on Jan. 3, 2011; and 
is a continuation of U.S. patent application Ser. No. 13/335, 
541, filed on Dec. 22, 2011, which claims the benefit of U.S. 
Provisional Patent Application Ser. No. 61/429,289, filed on 
Jan. 3, 2011; all of which are hereby incorporated by refer 
CCC. 

2. The Field of the Invention 
This invention relates to rotating wing aircraft, and, more 

particularly to rotating wing aircraft relying on autorotation 
of a rotor to provide lift. 

3. The Background Art 
Rotating wing aircraft rely on a rotating wing to provide 

lift. In contrast, fixed wing aircraft rely on airflow over a fixed 
wing to provide lift. Fixed wing aircraft must therefore 
achieve a minimum ground velocity on takeoff before the lift 
on the wing is sufficient to overcome the weight of the plane. 
Fixed wing aircraft therefore generally require a long runway 
along which to accelerate to achieve this minimum velocity 
and takeoff. 

In contrast, rotating wing aircraft can take off and land 
Vertically or along short runways inasmuch as powered rota 
tion of the rotating wing provides the needed lift. This makes 
rotating wing aircraft particularly useful for landing in urban 
locations or undeveloped areas without a proper runway. 
The most common rotating wing aircraft in use today are 

helicopters. A helicopter typically includes a fuselage, hous 
ing an engine and passenger compartment, and a rotor, driven 
by the engine, to provide lift. Forced rotation of the rotor 
causes a reactive torque on the fuselage. Accordingly, con 
ventional helicopters require either two counter rotating 
rotors or a tail rotor in order to counteract this reactive torque. 

Another type of rotating wing aircraft is the autogyro. An 
autogyro aircraft derives lift from an unpowered, freely rotat 
ing rotor or plurality of rotary blades. The energy to rotate the 
rotor results from a windmill-like effect of airpassing through 
the underside of the rotor. The forward movement of the 
aircraft comes in response to a thrusting engine Such as a 
motor driven propeller mounted fore or aft. 

During the developing years of aviation aircraft, autogyro 
aircraft were proposed to avoid the problem of aircraft stall 
ing in flight and to reduce the need for runways. The relative 
airspeed of the rotating wing is independent of the forward 
airspeed of the autogyro, allowing slow ground speed for 
takeoff and landing, and safety in slow-speed flight. Engines 
may be tractor-mounted on the front of an autogyro or pusher 
mounted on the rear of the autogyro. 

Airflow passing the rotary wing, alternately called rotor 
blades, which are tilted upward toward the front of the auto 
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2 
gyro, act somewhat like a windmill to provide the driving 
force to rotate the wing, i.e. autorotation of the rotor. The 
Bernoulli effect of the airflow moving over the rotor surface 
creates lift. 

Various autogyro devices in the past have provided some 
means to begin rotation of the rotor prior to takeoff, thus 
further minimizing the takeoff distance down a runway. One 
type of autogyro is the "gyrodyne, which includes a gyro 
dyne built by Fairey aviation in 1962 and the XV-1 converti 
plane first flight tested in 1954. The gyrodyne includes a 
thrust source providing thrust in a flight direction and a large 
rotor for providing autorotating lift at cruising speeds. To 
provide initial rotation of the rotor, jet engines were secured 
to the tip of each blade of the rotor and powered during 
takeoff, landing, and hovering. 
At high speeds, the direction and orientation of an autogyro 

may be readily controlled using conventional control Surfaces 
Such as ailerons, rudders, elevators, and the like, that are 
exposed to air flow over the airframe of the autogyro. Pitch 
and roll may also be controlled by cyclically altering the pitch 
of the blades in order to increase the lift at a certain point in the 
rotation of each blade. Pitch and roll may also be controlled 
by altering the angle of the mast coupling the rotor to the 
airframe. 

In an emergency landing when an autogyro has lost power, 
the airspeed of the autogyro is likely to be low due to a lack of 
propulsion. Where cross winds are present yaw control may 
be critical in order to maintain the autogyro aligned with a 
runway. At low airspeeds, pitch and roll may still be accom 
plished using cyclic pitch and mast tilt controls inasmuch as 
the rotor typically is still auto-rotating. 

However, yaw control is not readily accomplished at low 
air speeds using conventional control Surfaces. Control Sur 
faces, such as rudders, may not have sufficient airflow there 
over at low speeds to induce a yaw moment. In addition, 
autogyros typically do not have a tail rotor coupled to the 
engine to counteract torque exerted by the engine on the rotor 
as do helicopters. 

In view of the foregoing, it would be an advancement in the 
art to provide means for controllingyaw of an autogyro at low 
speeds and, in particular, for controllingyaw of an autogyro in 
the event of engine failure. 

BRIEF SUMMARY OF THE INVENTION 

The invention has been developed in response to the 
present state of the art and, in particular, in response to the 
problems and needs in the art that have not yet been fully 
solved by currently available apparatus and methods. The 
features and advantages of the invention will become more 
fully apparent from the following description and appended 
claims, or may be learned by practice of the invention as set 
forth hereinafter. 

Consistent with the foregoing, an autogyro may include an 
airframe defining a forward flight direction, an engine 
mounted to the airframe, and a lift rotor rotatably mounted to 
the airframe. The lift rotor defines an axis of rotation and is 
selectively coupled to the engine. A propulsion source is 
coupled to the airframe and is selectively powered to generate 
thrust parallel to the flight direction. A yaw flap is positioned 
within the downwash of the lift rotor and is offset from (typi 
cally backward from) the axis of rotation of the lift rotor. The 
yaw flap is pivotably mounted to the airframe such that the 
yaw flap is pivotable about a flap axis (approximately parallel 
to the aircraft roll axis) effective to redirect air from the 
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downwash to generate a corresponding yaw moment on the 
airframe about the axis of rotation of the rotor (approximately 
the aircraft yaw axis). 

In another aspect of the invention, the flap axis is oriented 
substantially parallel to the flight direction. 

In another aspect of the invention, the yaw flap is mounted 
to a tail boom of the airframe. The yaw flap may be mounted 
to a lateral surface or a lower surface of the tail boom. 

In another aspect of the invention, a boom is mounted to the 
airframe and extends outwardly therefrom. The boom defines 
at least one vent oriented to direct air over a surface of the 
boom effective to alter lift exerted on the boom, the lift having 
a major component perpendicular to the axis of rotation. A 
compressed air source is in fluid communication with the 
vents. The release of air through the at least one vent is 
controlled according to yaw control inputs. A flap positioned 
over the at least one vent may be used to control the release of 
air. 

Corresponding methods of using the invention are also 
disclosed and claimed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of the present invention will 
become more fully apparent from the following description 
and appended claims, taken in conjunction with the accom 
panying drawings. Understanding that these drawings depict 
only typical embodiments of the invention and are, therefore, 
not to be considered limiting of its scope, the invention will be 
described with additional specificity and detail through use of 
the accompanying drawings in which: 

FIG. 1 is an isometric view of an aircraft in accordance with 
an embodiment of the present invention; 

FIG. 2 is a front elevation view of a compressed or other 
wise pressurized air Supply for a tip jet in accordance with an 
embodiment of the present invention; 
FIG.3A is a front elevation view of a rotorcraft illustrating 

operational parameters describing a rotor configuration Suit 
able for use in accordance with embodiments of an apparatus 
and method in accordance with the present invention and the 
system of FIGS. 1 and 2 in particular; 

FIG. 3B is a right side elevation view of the rotor craft of 
FIG. 3A: 
FIG.3C is a partial cut of a right side elevation view of the 

rotor of FIG. 3A; 
FIG. 4 is an isometric view of an alternative configuration 

of an aircraft in accordance with an embodiment of the 
present invention; 

FIGS. 5A is a partial side elevation view of an aircraft 
incorporating air jets for yaw control; 

FIG. 5B is a partial top plan cross-sectional view of the 
aircraft of FIG. 5A; 

FIGS. 6A is a partial side elevation view of an aircraft 
incorporating a pneumatic tail fan for yaw control; 

FIG. 6B is a partial top plan cross-sectional view of the 
aircraft of FIG. 6A: 

FIG. 6C is a partial top plan view of a pneumatic tail fan for 
yaw control; 

FIG. 7 is a partial side elevation view of an aircraft incor 
porating a motor-driven tail fan for yaw control; 

FIGS. 8A through 8C are schematic block diagrams of 
emergency power Supplies; 

FIGS. 9A and 9B are schematic block diagrams of control 
systems configured for controlling emergency yaw control 
propulsion devices; 

FIG. 10 is a side elevation view of a mast and hub incor 
porating an emergency power take-off system; 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
FIG. 11 is a partial isometric view of drive wheels and hub 

wheels of an emergency power take-off system; 
FIG. 12 is a top plan view of an emergency power take-off 

system; 
FIGS. 13A through 13C are schematic block diagrams of 

apparatus for activating an emergency take-off system; 
FIG. 14 is a schematic block diagram of a control system 

for an aircraft incorporating an emergency power take-off 
system; 

FIG. 15 is process flow diagram of a method for operating 
an aircraft incorporating an emergency yaw control propul 
sion device; 
FIG.16 is a process flow diagram of a method for operating 

an aircraft incorporating an emergency power take-off sys 
tem; 

FIG. 17 is a partial isometric view of an aircraft incorpo 
rating both main and auxiliary rudders; 

FIG. 18 is a top plan view illustrating air flow over an 
aircraft incorporating main and auxiliary rudders; 

FIGS. 19A and 19B are isometric views of an auxiliary 
rudder in deployed and Stowed positions, respectively; 

FIG. 20 is a schematic block diagram of a control system 
for an aircraft incorporating both main and auxiliary rudders; 

FIG. 21 is a schematic block diagram of an alternative 
embodiment of a control system for an aircraft incorporating 
both main and auxiliary rudders; 

FIG.22 is a process flow diagram of a method for operating 
an aircraft incorporating both main and auxiliary rudders; 

FIG. 23 is a process flow diagram of an alternative method 
for operating an aircraft incorporating both main and auxil 
iary rudders; 

FIG. 24A is a front elevation cross-sectional view of a tail 
boom including yaw control vents in accordance with an 
embodiment of the present invention; 
FIG.24B is an isometric view of the tailboom of FIG.24A; 
FIG.24C is a partial cross-sectional view of an alternative 

embodiment of a vent and control flap in accordance with an 
embodiment of the present invention; 

FIG. 25A is a front elevation cross-sectional view of a tail 
boom including a trailing edge flap in accordance with an 
embodiment of the present invention; 
FIG.25B is an isometric view of the tailboom of FIG.25A; 
FIG. 26A is a front elevation cross-sectional view of a tail 

boom including lateral flaps in accordance with an embodi 
ment of the present invention; 

FIG. 26B is an isometric view of the tailboom of FIG.26A: 
FIG. 27 is a schematic block diagram of a flight control 

system in accordance with an embodiment of the present 
invention; 

FIG. 28 is a process flow diagram of a method controlling 
yaw of an autogyro in accordance with an embodiment of the 
present invention; and 

FIG. 29 is a process flow diagram of an alternative method 
for controlling yaw of an autogyro in accordance with an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

It will be readily understood that the components of the 
present invention, as generally described and illustrated in the 
drawings herein, could be arranged and designed in a wide 
variety of different configurations. Thus, the following more 
detailed description of the embodiments of the system and 
method of the present invention, as represented in the draw 
ings, is not intended to limit the scope of the invention, as 
claimed, but is merely representative of various embodiments 
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of the invention. The illustrated embodiments of the invention 
will be best understood by reference to the drawings, wherein 
like parts are designated by like numerals throughout. 

This patent application hereby incorporates by reference 
U.S. Pat. No. 5,301,900 issued Apr. 12, 1994 to Groen et al., 
U.S. Pat. No. 1,947,901 issued Feb. 20, 1934 to J. De la 
Cierva, and U.S. Pat. No. 2,352,342 issued Jun. 27, 1944 to H. 
F. Pitcairn. 

Referring to FIG. 1, an aircraft 10 includes a fuselage 12 
defining a cabin for carrying an operator, passengers, cargo, 
or the like. The fuselage 12 may include one or more fixed 
wings 14 shaped as airfoils for providing lift to the aircraft. 
The wings 14 may be configured Such that they provide 
sufficient lift to overcome the weight of the aircraft 10 only at 
comparatively high speeds inasmuch as the aircraft 10 is 
capable of vertical takeoff and landing (VTOL) and does not 
need lift from the fixed wings 14 at low speeds, e.g. below 50 
mph or even 100 mph upon taking off. 

In this manner, the wings 14 may be made Smaller than 
those offixed wing aircraft requiring a high Velocity takeoff 
which results in lower drag at higher Velocities. 

In some embodiments the wings 14 provide sufficient lift to 
support at least 50 percent, preferably 90 percent, of the 
weight of the aircraft 10 at air speeds above 200 mph. 

Control surfaces 16 may secure to one or both of the fuse 
lage 12 and wings 14. For example a tail structure 18 may 
include one or more vertical stabilizers 20 and one or more 
rudders 22. The rudders 22 may be adjustable as known in the 
art to control the yaw 24 of the aircraft 10 during flight. As 
known in the art, yaw 24 is defined as rotation about a vertical 
axis 26 of the aircraft 10. In the illustrated embodiment, the 
rudders 22 may comprise hinged portions of the horizontal 
stabilizers 20. 
The tail structure 18 may further include a horizontal sta 

bilizer 28 and an elevator 30. The elevator 30 may be adjust 
able as known in the art to alter the pitch 32 of the aircraft 10. 
As known in the art, pitch 32 is defined as rotation in a plane 
containing the vertical axis 26 and a longitudinal axis 34 of 
the fuselage of an aircraft 10. In the illustrated embodiment, 
the elevator 30 is a hinged portion of the horizontal stabilizer 
28. In some embodiments, twin rudders 22 may be positioned 
at an angle relative to the vertical axis 26 and serve both to 
adjust the yaw 24 and pitch 32 of the aircraft 10. The control 
surfaces 16 may also include ailerons 36 on the wings 14. As 
known in the art, ailerons 36 are used to control roll 38 of the 
airplane. As known in the art, roll 38 is defined as rotation 
about the longitudinal axis 34 of the aircraft 10. 

Lift during vertical takeoff and landing and for augmenting 
lift of the wings 14 during flight is provided by a rotor 40 
comprising a number of individual blades 42. The blades are 
mounted to a rotor hub 44. The hub 44 is coupled to a mast 46 
which couples the rotor hub 44 to the fuselage 12. The rotor 
40 may be selectively powered by one or more engines 48 
housed in the fuselage 12, or adjacent nacelles, and coupled to 
the rotor 40. In some embodiments, jets 50 located at or near 
the tips of the blades 42 power the rotor 40 during takeoff, 
landing, hovering, or when the flight speed of the aircraft is 
insufficient to provide sufficient autorotation to develop 
needed lift. 

Referring to FIG. 2, while still referring to FIG. 1, in the 
illustrated embodiment, the engines 48 may be embodied as 
jet engines 48 that provide thrust during flight of the aircraft. 
The jet engines 48 may additionally supply compressed air to 
the jets 46 by driving a bypass turbine 62 or auxiliary com 
pressor. Air compressed by the bypass turbine 62 may be 
transmitted through ducts 54 to a plenum 56 in fluid commu 
nication with the ducts 54. The plenum 56 is in fluid commu 
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6 
nication with the mast 46 that is hollow or has another passage 
to provide for air conduction. A mast fairing 58 positioned 
around the mast 46 may provide one or both of an air channel 
and a low drag profile for the mast 46. The mast 46 or mast 
fairing 58 is in fluid communication with the rotor hub 44. 
The rotor hub 44 is in fluid communication with blade ducts 
60 extending longitudinally through the blades 42 to feed the 
tip jets 50. 

Referring to FIGS. 3A-3C, rotation of the rotor 40 about its 
axis of rotation 72 occurs in a rotor disc 70 that is generally 
planar but may be contoured due to flexing of the blades 42 
during flight. In general, the rotor disc 70 may be defined as a 
plane in which the tips of the blades 42 travel. Inasmuch as the 
blades 42 flap cyclically upward and downward due to 
changes in lift while advancing and retreating, the rotor disc 
70 is angled with respect to the axis of rotation when viewed 
along the longitudinal axis 34, as shown in FIG. 3A. 

Referring to FIG. 3B, the angle 74 of the rotor disc 70, 
relative to a flight direction 76 in the plane containing the 
longitudinal axis 34 and vertical axis 26, is defined as the 
angle of attack 74 or rotor disk angle of attack 74. For pur 
poses of this application, flight direction 76 and air speed 
refer to the direction and speed, respectively, of the fuselage 
12 of the aircraft 10 relative to surrounding air. In autogyro 
systems, the angle of attack 74 of the rotor disc 70 is generally 
positive in order to achieve autorotation of the rotor 40, which 
in turn generates lift. 

Referring to FIG. 3C, the surfaces of the blades 42, and 
particularly the chord of each blade 42, define a pitch angle 
78, or blade angle of attack 78, relative to the direction of 
movement 80 of the blades 42. In general, a higher pitch angle 
78 will result in more lift and higher drag on the blade up to 
the point where stalling occurs, at which point lift has 
declined below a value necessary to Sustain flight. the pitch 
angle 78 of the blade 42 may be controlled by both cyclic and 
collective pitch control as known in the art of rotary wing 
aircraft design. 

In the following description power availability is the issue. 
The power need may be mechanical, electrical, pneumatic, 
hydraulic, or so forth. Regardless, in each of the alternative 
embodiments, some portioned power drawn from the autoro 
tating rotor may be directed to a generator providing auxiliary 
power required to operate the rotorcraft. Likewise, a hydrau 
lic or pneumatic pump by providing alternative, auxiliary 
power for landing gear controls, etc. for “engine-off flight 
conditions. 

FIG. 4 illustrates an alternative configuration for an aircraft 
10. In the embodiment of FIG. 4, the airframe 12 includes 
twin booms 12a, 12b extending rearwardly from the fuselage 
12. The horizontal stabilizer 28 mounts to both of the booms 
12a, 12b and extends therebetween. Each boom 12a, 12b may 
also have a vertical stabilizer 20a, 20b mounted thereto. The 
airframe configuration of FIG. 4 may be propelled by jet 
engines 48 mounted externally as in FIG. 1 or may be pro 
pelled by an internal combustion or turboprop engine 48 
mounted internally or externally to the airframe 12. The 
engine 48 may rotate a propeller 52 or prop 52 in order to 
propel the aircraft 10 forward. The prop 52 may be located at 
the front of the airframe or be located between the horizontal 
stabilizer 28 and the front of the airframe 12. 

Referring to FIGS. 5A and 5B, in some embodiments, a 
moment in the yaw direction 24 may be induced by one or 
more jets 100a, 100b offset from the center of gravity of the 
aircraft 10 or the axis of rotation 72 of the rotor 40. For 
example, the jets 100a, 100b may be mounted to one or both 
of the horizontal stabilizers 20a, 20b of FIG. 4 or the vertical 
stabilizer 20 of FIG. 1. The jets 100a, 100b may also be 
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mounted to the fuselage of the airframe 12 offset from the 
center of gravity or axis of rotation 72 or to one or both of the 
booms 12a, 12b. 

The jets 100a, 100b may be oriented to direct a jet of air 
having a major Velocity component directed in a transverse 
direction 102 perpendicular to the longitudinal axis 34 of the 
aircraft 10. The jet 100a may direct a jet of air in a direction 
opposite the jet 100b. Air to the jets 100a, 100b may be 
directed to the jets 100a, 100b by one or more valves 104. 

In the illustrated embodiment, a single valve 104 has out 
puts coupled to the jets 100a, 100b by means of lines 106a, 
106b, respectively and an input coupled to a source line 108. 
the valve 104 may be embodied as an electrically or mechani 
cally controlled, three port, two-way, diverter valve operable 
to control flow of air at variable rates through either of the 
lines 106a, 106b or neither of the lines 106a, 106b, responsive 
to a control input. 

The valve 104 may be embodied as multiple independently 
controlled valves configured to have equivalent function to a 
three port, two-way, diverter valve. The valve 104 directs air 
from the source line 108 responsive to electrical or mechani 
cal control inputs from a pilot or autopilot system in order to 
create a yaw moment due to reactive forces at the jets 100a, 
1OOb. 

Referring to FIGS. 6A and 6B, in an alternative embodi 
ment, one or more fans 110 are mounted to the airframe 12, 
such as to a vertical stabilizer 20, 20a, or 20b. Each fan 110 is 
positioned within an aperture 112 extending through a por 
tion of the aircraft 10 having an extent parallel to the trans 
verse direction 102, though it may have an extent perpendicu 
lar to the transverse direction 102 as well. 

In the illustrated embodiment, an aperture 112 extends 
through the vertical stabilizer 20a of the aircraft 10 of FIG. 4. 
An aperture 112 may additionally or alternatively extend 
through the vertical stabilizer 20b. In embodiments such as 
the aircraft 10 of FIG. 1, an aperture 112 may extend through 
the vertical stabilizer 20. However, an aperture 112 may addi 
tionally or alternatively extend through the airframe 12 or 
booms 12a, 12b at some other position offset from the center 
of gravity of the aircraft 10 or the axis of rotation 72 of the 
rOtOr. 

The fan 110 may include inner blades 114 exposed to air 
within the aperture 112. The fan 110 may additionally include 
outer blades 116 that extend internally radially outwardly 
from the outer diameter of the inner blades 114. The outer 
blades 116 may project inwardly within the aircraft 10. The 
inner blades 114 and outer blades 116 may include inner and 
outer portions of the same blades. In the illustrated embodi 
ment, the outer blades 116 extend internally within the verti 
cal stabilizer 20. 
A channel 118 may extend around the fan 110 such that the 

outerblades 116 are positioned completely or partially within 
the channel 118. A ring 120 may extend circumferentially 
around the inner blades 114 positioned between the inner 
blades 114 and outer blades 116. The ring 120 may extend 
Substantially across the channel, e.g. between about 85 and 
100% of the width of the channel at the location of the ring 
120. The ring 120 may serve to substantially hinder leakage of 
air out of the circumferential cavity defined by the channel 
118 and ring 120. The lines 106a, 106b may be in fluid 
communication with the channel 118 in order to direct air at 
the outer blades 116 in order to drive the fan 110. The lines 
106a, 106b may be in fluid communication with ports 122a, 
122b, respectively, in fluid communication with the channel 
118. The ports 122a, 122b may direct air from the lines 106a, 
106b such that air emitted from the ports 122a, 122b emitted 
into the channel 118 has a Substantial tangential component 
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8 
with respect to the channel 118. The ports 122a, 122b may be 
oriented such that air from a port 122a, 122b emitted into the 
channel 118 will have an angular velocity with respect to the 
axis of rotation of the fan 110 that is opposite that of air 
emitted from the other port 122b, 122a. 
An outlet port 124 may be in fluid communication with the 

channel 118 in order to permit airflow out of the channel 118. 
Alternatively, the valve 104 may configured such that the 
ports 122a, 82b may be coupled to ambient air while com 
pressed air is emitted from the other port82b, 82a such that an 
outlet port 124 is not needed. 

Referring to FIG. 6C, in some embodiments, the outer 
blades 116 have a chord oriented parallel to the axis of rota 
tion 126 of the fan 110 such that air emitted into the channel 
118 may more effectively drive the outer blades 116. The 
inner blades 114 may have a chord oriented at a non perpen 
dicular angle 128 relative to the axis of rotation 126 as known 
in the art of prop design in order to more effectively urge air 
parallel to the axis of rotation 126. 

In embodiments where the inner blades 114 and outer 
blades 116 are portions of the same blade, the blade may be 
twisted such that a portion of the inner blade 114 has the 
illustrated angle 128 while a portion of the outer blade 116 is 
parallel to the axis of rotation 126. The chord of the inner 
blade 114 may have an angle that varies with distance from 
the axis of rotation 126 in order to achieve a desired figure of 
merit as known in the art of prop design. 

Referring to FIG. 7, in an alternative embodiment, the fan 
110 is coupled to and driven by a pneumatic or hydraulic 
motor 130 mounted to the airframe 12, such as by mounting 
the motor 130 to the vertical stabilizer 20. The motor 130 may 
have inputs 132a, 132b coupled to lines 134a, 134b coupled 
to a valve 136. In embodiments where the motor 130 is a 
hydraulic motor 130, the valve 136 may be additionally 
coupled to a source line 138 and a return line 140. The valve 
136 may be an electrically or mechanically controlled valve 
136 operable to couple the source line 138 to one of the lines 
134a, 134b and the return line 140 to the other of the lines 
134b, 134a in response and in proportion to pilot or autopilot 
inputs. 

In embodiments where the motor 130 is a pneumatic motor, 
a return line 140 may be unnecessary and the valve 136 may 
be a pneumatic valve operable to couple the source line 138 to 
one, both, or neither of the lines 134a, 134b in response to and 
in proportion to pilot or autopilot inputs. It may thus drive the 
fan 110 and create a controllable yaw moment during one or 
both of low speed flight and engine failure situations. 

Referring to FIG. 8A, pneumatic power for the foregoing 
yaw controls described in FIGS. 5A through 7 and corre 
sponding descriptions may be Supplied by the illustrated 
reserve power supply 150. The reserve power supply 150 may 
include a compressed air reservoir 152. The reservoir 152 
may be filled prior to takeoff of the aircraft 10 and be available 
for use in the case of an emergency. 

Alternatively, a compressor 154 may be coupled to the air 
reservoir 152. The compressor 154 may receive mechanical 
or electrical energy derived from the engine 48 or engines 48 
in order to maintain pressure within the air reservoir 152 
above a threshold. The air reservoir 152 may have other uses 
during normal operation, e.g., during normal engine opera 
tion, and may additionally serve as an emergency power 
Supply upon a loss of engine power. 
A valve 156 may couple the air reservoir 152 to the valve 

104 or valve 136 of the yaw control systems of FIGS. 5 
through 7. The valve 156 may prevent leakage of air from the 
air reservoir 152 ifair were permitted to flow directly from the 
air reservoir 152 to the valve 104 or valve 136. 
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For example, the valve 104 or valve 136 may be coupled to 
conventional yaw controls, e.g., controls for operating a rud 
der 22, or rudders 22a, 22b, such that the valve 104 or valve 
136 is opened and closed responsive to these inputs in a way 
to generate a yaw moment using the jets 100a, 100b or fan 110 
in at least the same direction as the same control input would 
induce using the rudder. The valve 156 may ensure that no air 
is released from the air reservoir 152 in response to these 
inputs until an emergency or other signaling event occurs and 
the valve 156 is opened. 

Alternatively, the valve 156 may be omitted and the valves 
104 or valve 136 may exclusively control flow of air from the 
air reservoir 152. In such an embodiment, pilot controls may 
be switched in the event of an emergency Such that yaw 
control inputs are coupled to the valve 104 or valve 136. This 
coupling may occur instead of, or in addition to, that of the 
rudder 22, or rudders 22a, 22b. This will provide the yaw 
moment needed to control the aircraft 10 in the event of one or 
both of low airspeeds and engine failure. 

Referring to FIG.8B, in embodiments including a fan 110 
powered by a hydraulic motor 130, the reserve power supply 
150 may be embodied as a hydraulic reservoir 160. The 
hydraulic reservoir 160 may contain a bladder 162 containing 
compressed air for driving hydraulic fluid from the hydraulic 
reservoir 160. The bladder 162 may be inflated by a compres 
sor 164 mounted to the airframe 12 and powered by mechani 
cal or electrical energy derived from the engine 48 or may be 
filled with compressed air prior to takeoff of the aircraft 10. 
The bladder may be contained as a separator in a vessel or 
may be replaced by a piston. 
The volume of the bladder 162 (or equivalent) may be 

expandable such that the compressed air within the bladder 
162 tends to urge hydraulic fluid outwardly from the reservoir 
120. In some embodiments, a piston 164 may be interposed 
between the bladder 162 and hydraulic fluid within the res 
ervoir 160 such that expansion of the bladder 162 urges the 
piston against the fluid within the reservoir 160. Alternatively, 
a bladder may act as a separator in a pressure vessel. 
As with the embodiment of FIG. 8A, a valve 156 may 

control flow of hydraulic fluid to the valve 136 controlling the 
flow of fluid from the reservoir 162. The valve 156 may be 
opened in the event of an emergency, as described above with 
respect to FIG. 8A. Alternatively the valve 136 may exclu 
sively control the flow of fluid to the hydraulic motor 130 and 
yaw control inputs may be coupled to the valve 136 only in the 
event of an emergency, as described above with respect to 
FIG. 8A. 

Referring to FIG. 8C, in some embodiments, the air reser 
Voir 152 may be used to power a pneumatic hydraulic pump 
166 coupled to a hydraulic reservoir 168. The outlet of the 
pump 166 may be coupled to the valve 136. In such embodi 
ments, the valve 156 may be used to control flow of air from 
the reservoir 152 to the pump 166. The valve 156 may be 
opened in the event of an emergency. In the event of an 
emergency, the valve 156 may be automatically opened and 
closed in accordance to feedback as to the pressure of fluid 
downstream of the pump in order to Supply sufficient pressure 
to operate the hydraulic motor 130 responsive to pilot inputs 
to the valve 136. 

Referring to FIG.9A, a control system 180 for an aircraft 
10 may include, for example, a control unit 182, pilot controls 
184, control surface actuators 186, rotor actuators 188, and 
throttle 190. The control unit 182 may include conventional 
avionic computers for performing navigation and autopilot 
ing functions. The control unit 182 may also couple signals 
from pilot controls 184, such as throttle control, cyclic pitch 
control, collective pitch control, mast tilt control inputs. The 
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control unit 182 may couple pilot inputs, and controls signals 
generated by an autopilot computer to the control Surface 
actuators 186, rotor actuators 188, and the throttle 190. 
The control surface actuators 186 may include actuators 

for actuating any ailerons 36, elevators 30, rudders 22, 22a, 
22b, and the like. Rotor actuators 188 may include actuators 
for controlling mast tilt, cyclic pitch, and collective pitch as 
known in the art of rotorcraft design. In some embodiments, 
the pilot controls 184 may be coupled directly to the control 
surface actuators 186, rotor actuators 188, and throttle 190 
without an intervening control unit 182. 
The control unit 182 may additionally be coupled to the 

valve 156 of the reserve power supply 150 and the valve 136. 
The control unit 182 may be operable to detect a loss of power 
in the engine 48 and, in response, open the valve 156 and 
couple pilot inputs relating to yaw control, e.g., rudder con 
trols, to the valve 136, or to the valve 104, in order to enable 
to enable the pilot to control yaw of the aircraft 10. The 
control unit 182 may be coupled to sensors 192 within the 
engine 48 or to structures driven by the engine 48 in order to 
detect whether the engine 48 is outputting sufficient power, or 
otherwise as known in the art of engine and aircraft design. 

In some embodiments, the control unit 182 may open the 
valve 156 and couple pilot inputs relating to yaw control to the 
valve 136, or the valve 104, only upon detecting an airspeed 
below a threshold, or only upon detecting an airspeed below 
a threshold and a loss of power in the engine. The velocity 
may be determined by means of Global Positioning System 
(GPS) data, by means of an airspeed sensor coupled to the 
control unit by both, or the like. In still other embodiments, 
opening of the valve 156 may additionally or alternatively be 
performed by the pilot either directly or by providing an input 
to the control unit 182, which then actuates the valve 156. 
Coupling of yaw control inputs to the valve 104 or valve 136 
may also be performed by means of a manual operation of a 
Switch, valve, or some other actuator. A pilot may decide to 
engage the emergency operation rather than rely on automatic 
actuation. 

Referring to FIG. 9B, in some embodiments, the control 
unit 182 selectively switches yaw control signals from the 
rudder 22 or rudders 22a, 22b to the valve 136 or 104. The 
yaw control signals may be initiated by the pilot controls 184 
or by an autopilot function of the control unit 182. The control 
unit 182 may be programmed to detect a condition, Such as 
loss of air speed or power in the engine 48 and, in response, 
couple yaw control signals to the valve 136 or the valve 104. 

In some embodiments, the control unit 182 may couple 
yaw control signals to the valve 136 or valve 104 only upon 
detecting an airspeed below a threshold, or only upon detect 
ing both an airspeed below a threshold combined with a loss 
of power in the engine. The velocity may be determined by 
means of Global Positioning System (GPS) data or by means 
of an airspeed sensor coupled to the control unit. In some 
embodiments, the switching of yaw controls to the valve 136 
or valve 104 may be performed manually by means of a 
switch included among the pilot controls 184. Thus sophisti 
cated controls may be replaced by pilot judgment and manual 
controls. 

Referring to FIG. 10, in an autogyro, the rotor 40 is typi 
cally oriented such that the rotor 40 is compelled to rotate by 
lift and drag forces on the blades 42 in response to air flow 
over the rotor 40 due to forward movement of the aircraft. 
Therefore, in the event of a loss of power of the engine 48, the 
forward momentum of the aircraft 10 may cause the rotor 40 
to continue to rotate. Accordingly, in some embodiments, an 
emergency power take-off 200 is coupled to the rotor 40 in 
order to provide one or more of hydraulic, pneumatic, and 
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electrical power for the systems of the aircraft 10. The emer 
gency power take-off 200 may provide one or both of hydrau 
lic and pneumatic power to the valve 104 or valve 136 in order 
to provide yaw control in the event of a loss of power and at 
low speeds. 

In the illustrated embodiment, a shroud 202 surrounds the 
mast 46 and is in fluid communication with the plenum 56. 
The space between the mast 46 and shroud 202 is in fluid 
communication with a cavity 206 defined by the hub 44 and in 
fluid communication with the blade ducts 60. The power 
take-off 200 is mounted to the shroud, such as by means of 
securement to a flange 208 mounted to the shroud 202. Other 
mounting configurations are also possible. For example, the 
power takeoff 200 may mount directly to the mast 46 or to a 
flange secured to the mast 46. Referring to FIGS. 11 and 12, 
the power take-off 200 may include one or more drives, such 
as drive wheels 210 that engage a hub wheel 212. The hub 
wheel 212 may be embodied as a portion of the hub 44 or a 
ring secured to the hub 44. The drive wheel 210 may engage 
the hub wheel 212 directly or by means of a belt. In the 
illustrated embodiment, the drive wheel and hub wheel 212 
are grooved to reduce slippage of the belt with respect to the 
wheels 210, 212. 
Where the drive wheel 210 engages the hub wheel 212 

directly, the drive wheel 210 and hub wheel 212 may each 
include a geared surface or a resilient ring creating a high 
friction interface between the wheels 210, 212. In the illus 
trated embodiment, the drive wheel 210 engages an outer 
surface of the hub wheel 212. However, in some embodi 
ments, the drive wheel210 may engage an inner Surface of the 
hub wheel 212 and be positioned within the hub wheel 212. In 
the illustrated embodiment, the power take-off 200 includes 
two drive wheels 210, each coupled to one of a generator 214 
and a hydraulic pump 216. In some embodiments, a pneu 
matic compressor may be used in the place of one or both of 
the generator 214 and the hydraulic pump 216. Alternatively, 
electrical or hydraulic power from the generator 214 or 
hydraulic pump 216 may drive a compressor 154 for provid 
ing air to a valve 104 or valve 136. 
The generator 214 and hydraulic pump 216 may be 

mounted to the flange 208 opposite the drive wheels 210 such 
that drive shafts of the generator 214 and hydraulic pump 216 
extend through the flange 208 to couple the generator 214 and 
hydraulic pump 216 to the drive wheels 210. Referring spe 
cifically to FIG. 12, a tension arm 220 may also be pivotally 
secured to the flange 208 and be biased, such as by means of 
a spring, to urge a roller 222 against a belt 218 encircling the 
drive wheels 210 and hub wheel 212. 

Referring to FIGS. 13A through 13C, various means may 
be used to activate and deactivate the power take-off 200. In 
order to avoid unnecessary loss of power during normal flying 
conditions, it may be advantageous to deactivate the power 
take-off 200. Referring specifically to FIG. 13A, in some 
embodiments a mechanically, electrically, or hydraulically 
actuated clutch 230 is interposed between a drive wheel 210 
and the generator 214. A clutch 230 may be similarly inter 
posed between a drive wheel210 and the hydraulic pump 214 
or a pneumatic compressor. 

Referring to FIG.13B, alternatively, the generator 214 may 
be activated and deactivated by controlling the amount of 
current applied to field coils 232 within the generator 214. As 
known in the art of generator design, electric current is gen 
erated by moving a coil through a magnetic field. The mag 
netic field may be generated by permanent magnets, electro 
magnets, or a combination of the two. Accordingly, the drag 
induced by the generator 214 may be reduced when not in use 
by turning off current to field coils 232 used as electromag 
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nets for generating a magnetic field. During an emergency 
situation, current from the generator 214 may be routed to the 
field coils 232 in order to increase the current output from the 
generator 214. 

Referring to FIG. 13C, similarly, when the hydraulic pump 
216 is not in use, a valve 234 may prevent the flow of hydrau 
lic fluid into the hydraulic pump 216 or route fluid through a 
recirculation path 236 in order to reduce drag induced by the 
hydraulic pump 216 when not in use. When in use, fluid may 
be routed in and out of the hydraulic pump 216 by means of 
input and output lines 238a, 238b, respectively. 

Referring to FIG. 14, the control unit 182 may be config 
ured to handle activation of the emergency power take-off 200 
in the event of a loss of power due to engine failure or failure 
of one or both of a primary generator 242 or primary hydrau 
lic pump 244. The control unit 182 may be programmed to 
activate a clutch 230 coupling a drive wheel 210 to the gen 
erator 214 or hydraulic pump 216 in response to detection of 
a loss of power from the engine 48 or a loss of Voltage or 
pressure from a primary generator 242 or primary hydraulic 
pump 244, respectively. 

Alternatively, the control unit 182 may be configured to 
supply power to field coils 232 or redirect fluid away from a 
recirculation path 236. This may occur in response to a detec 
tion of a loss of power from the engine 48 or a loss of voltage 
or pressure from a primary generator 242 or primary hydrau 
lic pump 244, respectively. 
The control unit 182 may be further programmed to acti 

vate Switches and valves necessary to route current or pres 
surized hydraulic fluid to the systems of the aircraft 10, such 
as the control surface actuators 186 and rotor actuators 188, 
from the generator 214 or hydraulic pump 216 as needed. This 
may include routing hydraulic fluid to a motor 130 powering 
the fan 110 or to a pneumatic pump for driving the fan 110 or 
jets 100a, 100b in the embodiments of FIGS.3 through 5. The 
control unit 182 may further be programmed to sequester the 
primary generator 242 or primary hydraulic pump 244 to 
avoid leakage of current or fluid or to reduce power loss. 
Some or all of the operations described above as being per 
formed by the control unit 182 with respect to the power 
take-off 200 may also be performed by a pilot manually 
operating Switches, valves, or other mechanical actuators. 

Referring to FIG. 15, the foregoing apparatus may be used 
to perform the illustrated method 250 to achieve yaw control 
in the event of one or both of loss of engine power and low 
speed flight. The method 250 may be performed partially or 
completely by means of one or both of a control unit 182 or 
pilot inputs. The method 250 includes detecting 252 loss of 
yaw control. This may include detecting 252 the occurrence 
of one or all of either separately or simultaneously, loss of 
power from the engine 48, loss of control of a rudder 22, and 
an air speed below a threshold air speed. 

In the event of detection 252 of a loss of yaw control, a 
power supply is coupled 254 to a yaw propulsion device. The 
yaw propulsion device may include jets 100a, 100b, a revers 
ible tail fan 110, or the like. The power supply may be an 
emergency power Supply such as one of those described 
above with respect to FIGS. 8A through 8C. In such embodi 
ments, coupling 254 the power Supply to the yaw propulsion 
device may include opening the valve 156 as described here 
inabove. 
The power Supply may also be an emergency power take 

off 200 as described above with respect to FIGS. 10 through 
14. In Such embodiments, coupling 254 the power Supply to 
the yaw propulsion device may include activating one or both 
of a secondary generator 214 or secondary hydraulic pump 
216 as described hereinabove. In some embodiments, the 
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power Supply may be a pneumatic compressor coupled to the 
rotor 40 in the same manner as the hydraulic pump 216. 
Accordingly, coupling 254 the power Supply to the yaw pro 
pulsion device may include coupling the compressor to one of 
the valve 104 and the valve 136. 

In the event that a loss of yaw control is due to low air 
speed, the power Supply systems coupled 254 to the yaw 
propulsion device may be the aircraft's primary power sys 
tems, such as a primary hydraulic pump 244, electric genera 
tor 242, or a pneumatic compressor, powered by power from 
the engine 48. Pilot inputs, or autopilot control signals, may 
then be coupled 256 to the yaw propulsion device, such as by 
coupling the yaw control signals to a valve 104 or valve 136. 
The pilot inputs may continue to be coupled to the rudder 22 
as well or may be completely redirected to the yaw propulsion 
device. 

Referring to FIG. 16, the illustrated method 260 may be 
executed in response to a loss of power due to failure of an 
engine 48 or failure of a primary generator 244 or hydraulic 
pump 244. The method 260 may be executed wholly or com 
pletely by one or both of the control unit 182 and pilot inputs. 
The method 260 includes detecting 262 a loss of power of an 
engine 48, primary generator 242, or primary hydraulic pump 
244. 

If engine failure or primary generator failure is detected 
262, then the secondary generator 214 is activated 264, such 
as by engaging a clutch 230 or Supplying current to field coils 
232. If engine failure or primary hydraulic pump failure is 
detected, then the secondary hydraulic pump 216 is activated 
266, Such as by engaging a clutch 230 or routing hydraulic 
fluid away from a recirculation path 236 and through input 
and output lines 238a, 238b. 

Power from one or both of the secondary generator 214 and 
secondary hydraulic pump 216 may then be routed through 
the systems of the aircraft 10, including the yaw propulsion 
systems described in FIGS. 5A through 9B. Other systems 
may include devices or actuators. Such as the control Surface 
actuators 186, rotor actuators 188, landing gear actuators, 
electric servos, batteries, instruments, and the like. 

Referring to FIG. 17, in some embodiments, an aircraft 10, 
such as the aircraft 10 of FIG. 4, may include auxiliary rud 
ders 280 mounted to the horizontal stabilizer 28 and posi 
tioned between the rudders 22. In the illustrated embodiment, 
rudders 280 are mounted to opposing surfaces of the horizon 
tal stabilizer 28 (e.g., horizontal airfoil 28 stabilizing verti 
cally as an elevator and stabilizer do in a fixed wing aircraft). 
They project upward and downward from the horizontal sta 
bilizer 28 in the vertical direction 26. 

Referring to FIG. 18, in flight, the rudders 22 are exposed 
to air flow 282 which is in the “free stream” or substantially 
undisturbed ambient air through which the aircraft 10 passes. 
Therefore, the flow 282 has a velocity relative to the aircraft 
10. Actuation of the rudders 22 causes the rudders 22 to 
redirect a portion of this airflow 282, resulting in momentum 
change and a force, causing a yaw moment on the aircraft 10. 
At low speeds, especially in the event of an “engine off 
landing, the air flow 282 may be too slow to provide an 
adequate yaw moment, particularly in the presence of cross 
winds. 

The auxiliary rudders 280 advantageously are located 
within a prop stream tube 284, which includes air flow 
impelled by the prop 284, a jet, or some other propulsion 
Source. Inasmuch as the Velocity of air within the prop stream 
tube 284 is independent of the airspeed of the aircraft 10, the 
velocity of airflow over the auxiliary rudders 280 may be 
larger than the velocity of air incident on the rudders 22. The 
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auxiliary rudders 280 therefore may be able to generate a yaw 
moment greater than that generated by the rudders 22 at a 
given air speed. 

Referring to FIGS. 19A and 19B, while still referring to 
FIG. 17, inasmuch as the auxiliary rudders 280 are not needed 
during high speed flight, the rudders 280 may advantageously 
fold to a lower profile configuration during high speed flight, 
as shown by the dotted representation of the rudders 280 in 
FIG. 17. Various methods of hinging and actuation may be 
used to fold the rudders 280 during high speed flight as known 
in the art of mechanical design. 

Hydraulic, electrical, and mechanical actuators as known 
in the art of aircraft design for actuating control Surfaces may 
be used. For example, a deployment shaft 290 may be rotat 
ably mounted within the horizontal stabilizer 28 and be actu 
ated by means of an actuator Such as by means of hydraulic 
drives or one or more deployment cables 292a, 292b that are 
tensioned and relaxed to alter the orientation of an auxiliary 
rudder 280. 
A lock 294 may retain the rudder 280 in the deployed 

position. Any suitable locking mechanism known in the 
mechanical art may be used. For example, an actuated piston 
296 within a cylinder 298 may be driven by means of electri 
cal, hydraulic, or pneumatic power into a receptacle 300 
formed in the deployment shaft 290 in order to retain the 
rudder 280 in the deployed position. The rudder 280 may be 
rotatably mounted to the deployment shaft 290 such that 
following deployment the rudder 280 may be rotated in order 
to induce a yaw moment on the aircraft 10. 

In the illustrated embodiment, the rudder 280 rotatably 
mounts to a shaft 302 extending perpendicular to the deploy 
ment shaft 290. The rudder 280 may rotatably mount to the 
shaft 302 or the shaft 302 may rotatably mount to the deploy 
ment shaft 290. An actuator, such as cables 306a, 306b may 
engage the shaft 302 or rudder 280 and may be actuated in 
order to change the angle of the rudder 280 within the prop 
stream tube 288. Referring specifically to FIG. 19B, the 
deployment shaft 290 may be actuated, such as by means of 
the cables 292a, 292b, or some other actuator, in order to 
move the rudder 280 into the illustrated stowed position in 
which the rudder 280 is oriented substantially parallel, e.g. 
within about 10 degrees, to the horizontal stabilizer 28. 

For example, the axis of rotation of the rudder 280 about 
the shaft 302 may be more parallel to the horizontal stabilizer 
28 than when the rudder 280 is in the deployed position. The 
angular separation between the deployed and Stowed posi 
tions may be between about 70 and 100 degrees. 
The horizontal stabilizer 28 may define a receptacle 308 or 

recess 308 for receiving all or part of the rudder 280. Thus, an 
exposed surface 310 of the rudder 280 projects less promi 
nently from the horizontal stabilizer 28. The lock 294, or 
some other lock, may also retain the rudder 280 in the stowed 
position. For example, the piston 296 may be urged into a 
stowage receptacle 312 formed in the deployment shaft 250 in 
order to retain the rudder 280 in the stowed position. 

Referring to FIG. 20, in some embodiments, the control 
unit 182 is coupled to a main rudder actuator 320 operable to 
change the orientation of the rudders 22a, 22b. The control 
unit may also be coupled to an auxiliary rudder actuator 322. 
In some embodiments, the auxiliary rudders 280 are actuated 
synchronously with the rudders 22a, 22b at all times. In such 
embodiments, the rudders 22a, 22b and auxiliary rudders 280 
may be actuated by common actuators and linked to one 
another Such that they are compelled to move in unison. 

Referring to FIG. 21, in an alternative embodiment, a 
switch 324 controls which of the rudders 22a, 22b and the 
auxiliary rudders 280 receives yaw control inputs. The switch 
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324 may couple control signals to one or both of the main 
rudder actuator 320 and auxiliary rudder actuator 322 
depending on the state of the switch 324. Alternatively, the 
Switch 324 may change the coupling of mechanical, pneu 
matic, or hydraulic force from a single actuator to one or both 
of the rudders 22a, 22b and the rudders 280 according to the 
state of the Switch 324. 
The control unit 182 may include a rudder selector 326 

programmed to operate the switch 324. The rudder selector 
326 may be programmed to couple yaw control inputs from 
one or both of the pilot controls 184 and an autopilot com 
puter to the auxiliary rudders 280 when the airspeed of the 
aircraft 10 is below a threshold and to couple yaw control 
inputs to the rudders 22a, 22b when the airspeed of the aircraft 
10 is above the threshold. 

In one embodiment a transition region is defined such that 
both the rudders 22a, 22b and rudders 280 are actuated simul 
taneously for airspeeds within the transition region. The rud 
ders 280 are actuated exclusively below the transition region. 
The rudders 22a, 22b are actuated exclusively above the 
transition region. In some embodiments, the pilot inputs 184 
may additionally or alternatively include manually operable 
interface to control the Switch 324 and select one or both of 
the rudders 22a, 22b and rudders 280 to receive yaw control 
inputs. 

In some embodiments, an auxiliary rudder extender 328 
may actuate the rudders 280 to transition the rudders 280 
between the stowed and deployed orientations described 
hereinabove. In such embodiments, the control unit 182 may 
include an auxiliary rudder deployment controller 330. 
The deployment controller 330 may be programmed to 

move the auxiliary rudders 280 to the deployed orientation 
when the controller 182 determines that yaw control inputs 
are to be coupled to the auxiliary rudders 280 as described 
hereinabove. The deployment controller 330 may also be 
programmed to move the auxiliary rudders 280 to the stowed 
orientation when the controller 182 determines the yaw con 
trol inputs are to coupled to the rudders 22a, 22b as described 
hereinabove. The pilot inputs 184 may also include an inter 
face to control the auxiliary rudder extender 328 in addition or 
as an alternative to the auxiliary rudder deployment controller 
330 of the control unit 182. Referring to FIG. 22, a pilot, 
control unit 182, or a combination of the two, may execute a 
method 340 for operating an aircraft 10 including both main 
rudders 22a, 22b and one or more auxiliary rudders 280. The 
method 340 may include evaluating 342 the airspeed of the 
aircraft 10 with respect to a threshold. If the air speed is below 
the threshold, then the auxiliary rudders 280 are deployed 
344, such as by moving the rudders 280 to the deployed 
position. 

In embodiments where the rudders 280 are not movable 
between stowed and deployed positions, deployment 344 
may be omitted. Yaw control inputs from a pilot, or an auto 
pilot computer, may then be coupled to the auxiliary rudders 
280 either synchronously with the main rudders 22a, 22b. 
exclusive of the main rudders 22a, 22b, or in some other 
control scheme optimizing used each. 

If the airspeed is above the threshold, then the rudders 280 
may be stowed 348. This is useful in embodiments having 
rudders 280 movable between deployed and stowed posi 
tions. Yaw control inputs from a pilot or autopilot computer 
may then be coupled 350 to the main rudders 22a, 22b and 
decoupled from the auxiliary rudders 280. 

Referring to FIG. 23, in an alternative embodiment, a pilot, 
control unit 142, or a combination of the two, may execute a 
method 360 for operating an aircraft 10 including both main 
rudders 22a, 22b and one or more auxiliary rudders 280. The 
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method 360 includes evaluating 362 whether the airspeed of 
the aircraft 10 is above a transition region. If so, then the 
auxiliary rudders 280 are stowed 364 if they are found in a 
deployed position and are movable between deployed and 
stowed positions. Rudder control inputs are then coupled 366 
exclusively to the main rudders 22a, 22b. 
The method 360 may further include evaluating 368 

whether the airspeed of the aircraft 10 is within the transition 
region. If so, then the auxiliary rudders 280 are deployed 370 
if they are found in the stowed position and if the rudders 280 
are movable between stowed and deployed positions. Rudder 
control inputs are then coupled 372 to both the auxiliary 
rudders 280 and main rudders 22a, 22b. 
The method 320 may further include evaluating 374 

whether the airspeed of the aircraft 10 is below the transition 
region. If so, then the auxiliary rudders 280 are deployed 376 
if they are not already in the deployed position and if they are 
movable between stowed and deployed positions. Rudder 
control inputs are then coupled 378 to the auxiliary rudders 
either exclusive of or synchronously with the main rudders 
22a, 22b. 

Referring to FIGS. 24A and 24B, in an alternative embodi 
ment, a yaw moment 24 may be induced on a fuselage 12 by 
means of one or more vents 380a, 380b mounted to, or 
defined by, one or both of the tail booms 12a, 12b. In some 
embodiments, the aircraft 10 includes a unitary fuselage Such 
that a single boom 12a is present. In Such embodiments, the 
single boom 12a may include vents 380a, 380b. 
The following embodiments are described in the context of 

a twin-boom aircraft. However, any and all of the following 
apparatus and method may be performed using an aircraft 
with a unitary fuselage 12 or a single tail boom 12a. Accord 
ingly, modification of any of the embodiments disclosed 
herein for use with such an aircraft may be accomplished by 
eliminating one of the booms 12a, 12b. 
As shown in FIG.24B, a plurality of vents 380a, 380b may 

be distributed along the length of one or both of the tailbooms 
12a, 12b. The vents 380a, 380b may be positioned and ori 
ented to generate air streams 382a, 382b having a velocity 
component directed perpendicularly away from the tailboom 
12a, 12b, e.g. in a horizontal direction 384 perpendicular to a 
vertical plane including the vertical axis 26. The vents 380a, 
380b may be positioned and oriented to generate airstreams 
382a, 382b along outer surfaces 386a, 386b of the tail boom 
12a, 12b. 
Due to the Coand? effect, air directed out of the vents 380a, 

380b may be entrained along surfaces 386a,386b and change 
an effective aerodynamic cross section of the tail boom 12a. 
12b. In some embodiments, some or all of the vents 380a, 
380b may be positioned within the downwash of the rotor 40. 
The downwash may induce “lift,” a force due to the Bernoulli 
Effect, on the tail boom 12a, 12b that has a major component 
in the horizontal direction 384. 

Directing the airstreams 382a, 382b along surfaces 386a, 
386b changes the effective aerodynamic cross section of the 
tail boom 12a, 12b and causes a corresponding change in lift 
forces exerted on the tailboom 12a, 12b. Herein, “lift' means 
a Bernoulli force, regardless of direction. It need not be ver 
tical. In the illustrated embodiment, the tail booms 12a, 12b 
have an airfoil cross section with a chord extending Substan 
tially parallel to the vertical axis 26. However, other rounded 
or angular cross sections may also be used. 
As shown in FIG. 24A, the vents 380a, 380b may be 

positioned to generate air streams 382a, 382b along opposing 
surfaces 386a, 386b. Accordingly, a yaw moment may be 
generated by generating only one of the air streams 382a. 
382b, or by generating unequal air streams 382a, 382b, effec 
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tive to cause an imbalance in lift forces 388a, 388b generated 
on the opposing surfaces 386a, 386b. 

Alternatively, a vent 380a may be defined by one of the tail 
booms 12a, 12b. Another vent 380b may be defined by the 
other of the tail booms 12a, 12b. By opening one of the vents 
380a, 380b, or by opening the vents 380a, 380b by different 
amounts, a net imbalance of “lift” forces 388a, 388b may be 
generated against the pair of tailbooms 12a, 12b. Inasmuch as 
the tailbooms 12a, 12b are offset from the center of gravity of 
the aircraft 10, the imbalance in lift forces 388a, 388b causes 
a yaw moment 24. 

In many rotorcraft, the center of gravity is located close to 
the axis of rotation 72 of the rotor 40. Accordingly, the vents 
380a, 380b may direct air streams 382a, 382b over any sur 
face 386a, 386b offset from the axis of rotation 72 and posi 
tioned within the downwash of the rotor 40. As is apparent in 
FIG. 4, the vents 380a, 380b amount to the tail booms 12a, 
12b offset from the axis of rotation 72 of the rotor 40. 

In the illustrated embodiment, the tail booms 12a, 12b may 
define an internal channel 390. The channel 390 may be 
coupled to a compressed air source Such as a compression 
stage of a jet engine 48, an auxiliary compressor driven by the 
engine 48, an emergency compressed air reservoir 152, or 
Some other compressed air source. Airflow out of the channel 
390 through the vents 380a, 380b may be controlled by flaps 
392a, 392b. The flaps392a, 392b may be moved between the 
illustrated opened (Solid) and closed (dotted) positions and 
may be held at positions intermediate the illustrated two 
positions. The flaps 392a, 392b may also serve to redirect the 
airflow 382 from the vents 380a,380b over the surfaces 386a, 
386b. 

Actuators 394a, 394b may be coupled to the flaps 392a, 
392b and used to open and close the flaps 392a, 392b in 
response to yaw control inputs. The actuators 394a,394b may 
be any pneumatic, electrical, hydraulic, or mechanical actua 
tor known in the art. In one contemplated embodiment, the 
actuators 394a,394b are embodied as piezoelectric actuators. 

The flaps 392a, 392b may define axes of rotation 396a, 
396b. The axes of rotation 396a, 396b may be oriented sub 
stantially parallel (e.g. within ten degrees of parallel) to the 
longitudinal axis 34 of the aircraft such that the flaps 392a, 
392b do not cause undue drag at high speeds. In some 
embodiments, the tail booms 12a, 12b each define a longitu 
dinal axis 398 substantially parallel (e.g. typically within ten 
degrees of parallel) to the axes of rotation 396a, 396b. 

Referring to FIG. 24C, in some embodiments, the flaps 
392a, 392b are positioned inside the channel 390. In such 
embodiments, the vents 380a, 380b may be angled and posi 
tioned effective to redirect air from within the channel 390 
along the outer surfaces 386a, 386b. The flaps 392a, 392b 
may likewise be positioned to promote, or at a minimum not 
hinder, airflow over the surfaces 386a,386b. In the illustrated 
embodiment, this includes placing the axis of rotation 396a, 
396b of each flap 392a,392bproximate the downstream edge 
of the flap 392a, 392b with respect to the airflow 382a, 382b. 

Referring to FIGS. 25A and 25B, in another alternative 
embodiment, a trailing edge flap 410 or flaps 410 may be 
mounted to one or both of the tail booms 12a, 12b. The flap 
410 may be coupled to an actuator 412 that changes the 
position of the flap 410 in response to yaw control inputs. The 
actuator 412 may be any pneumatic, hydraulic, mechanical, 
or electrical actuator known in the art. In one currently con 
templated embodiment, the actuator 412 is a piezoelectric 
actuatOr. 

As noted previously, the tail booms 12a, 12b may be 
located within the downwash 414 of the rotor 40 and may 
have an air foil cross section with a substantially vertically 
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oriented (e.g. typically within five degrees of vertical) chord. 
The flap 410 may mount to the trailing edge of the airfoil, or 
other, e.g., round or elliptical, cross section of the tail booms 
12a, 12b. In other embodiments, the tail booms 12a, 12b may 
have any other rounded or angular cross section having the 
flap 410 secured to the trailing edgethereof with respect to the 
downwash 414 from the rotor 40. By rotating the flap 410 
towards a surface 386a, 386b of the tail boom 12a, 12b, lift 
388a,388b on that surface will be decreased, resulting in a lift 
imbalance and a corresponding yaw moment 24. 
As in the embodiment of FIGS. 24A-24C, the flap 410 may 

define a flap axis 416 Substantially parallel (e.g., typically 
within 10 percent of parallel) to one or both of the longitudi 
nal axis 34 of the aircraft 10 and the longitudinal axis 398 of 
the tail boom 12, 12b to which the flap 410 is mounted. The 
extent 418 of the flap 410 from the axis of rotation may be 
Small and still achieve a significant lift imbalance due to 
rotation of the flap 410. For example, in currently engineered 
designs, an extent 418 of between about 1 and 2 cm appears to 
be sufficient for many applications. 

Referring to FIGS. 26A and 26B, in another alternative 
embodiment, one or more flaps 420a, 420b may be mounted 
to each individual tail boom 12a, 12b. In some embodiments, 
each of the tail booms 12a, 12b includes two flaps 420a, 420b 
mounted to opposing surfaces 386a, 386b. Alternatively, one 
the tail booms 12a may include a flap 420a mounted to one of 
the surfaces 386a, 386b and the other tail boom 12b may 
include a flap 420b mounted to the other of the surfaces 386b, 
386a. 

Each of the flaps 420a, 420b may be coupled to an actuator 
422a, 422b and be moved thereby in response to yaw control 
inputs to change an extent 424 of the flaps 420a, 420b in the 
horizontal direction 384. The actuators 422a, 422b may rotate 
the flaps 420a, 420b between a stowed position (dotted) 
located adjacent a surface 386a,386b and a deployed position 
(solid) extending away from the surface 386a in the horizon 
tal direction 384 to a greater extent than in the stowed posi 
tion. 
The actuators 422a, 422b may also position the flaps 420a, 

420b at intermediate positions. In some embodiments, the 
actuators 422a, 422b move the flaps 420a, 420b translation 
ally in the horizontal direction 384 to change the horizontal 
extent 424 thereof. The actuators 422a, 422b may be any 
pneumatic, hydraulic, mechanical, or electrical actuator 
known in the art. In one contemplated embodiment, the actua 
tors 422a, 422b are piezoelectric actuators. 
The flaps 420a, 420b may operate by redirecting a portion 

of the downwash 414 to generate air flow 426a, 426b having 
a velocity component in the horizontal direction 384. In some 
embodiments, a major Velocity component of the air flows 
426a, 426b may be in the horizontal direction 384. The redi 
recting of the downwash 414 generates a reaction force on the 
surfaces 386a, 386b and flaps 420a, 420b and a correspond 
ing yaw moment 24. The reaction force has a component in 
the horizontal direction384 and may have a major component 
in the horizontal direction 384. 
The flaps 420a, 420b may be positioned so as to be located 

within the downwash 414 when extended from the sides of the 
tail booms 12a, 12b. This may be accomplished by vertically 
locating the flaps 420a, 420b proximate a widest point of the 
tail booms 12a, 12b. For example, an axis of rotation 428a, 
428b of the flaps 420a, 420b may be vertically located within 
about 10 percent of the vertical extent 430 (e.g., diameter, 
elliptical axis, etc.) of the tail boom 12a, 12b from the widest 
point of the tailboom 12a, 12b in the horizontal direction 384. 
Alternatively, a width of the tail boom 12a, 12b at the point of 
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attachment of the flaps 420a, 420b may be within 10 percent 
of the greatest width of the tail boom 12a, 12b in the horizon 
tal direction 384. 
As in other embodiments described herein, the axes of 

rotation 428a, 428b may be substantially parallel (e.g., typi 
cally within 10 degrees of parallel) to one or both of the 
longitudinal axis 34 of the aircraft 10 and the longitudinal axis 
398 of the tail boom 12a, 12b to which the flap 420a, 420b is 
mounted. 

Referring to FIG. 27, a flight control system 440 may 
include pilot controls 184 and a control unit 182 including any 
or all of the features described hereinabove. The pilot controls 
184 may include yaw controls for controlling the orientation 
of one or more rudders 22a, 22b. The control unit 182 may be 
coupled to a main rudder actuator 320 acting to operate the 
one or more rudders 22a, 22b. The actuator 320 is operable to 
change the orientation of the one or more rudders 22a, 22b in 
response to yaw control inputs. 
One or more boom flap actuators 442 are also coupled to 

the control unit 182. The boom flap actuators 442 may include 
any of the actuators 394, 412,422 described hereinabove. In 
some embodiments, the control unit 182 may be omitted and 
yaw control inputs may be coupled directly from the pilot 
controls 184 to the one or more rudders 22a, 22b and the 
boom flap actuators 322. In one embodiment a flight control 
computer may sense the airspeed, roll, pitch, and yaw and 
adjust the inputs to the actuators 394, 412,422 automatically 
according to the pilots commands. The flaps 420 need not be 
directly or even consciously controlled by the pilot. (Trailing 
reference letters indicate specific instances of items identified 
by a leading reference number). 

In some embodiments, the control unit 182 may be pro 
grammed or otherwise configured to perform the method 340 
of FIG. 22 with respect to the boom flap actuators 442 in the 
place of, or in combination with, the auxiliary rudders 280. In 
Such embodiments, rudder inputs are coupled to boom flaps 
320 of any of the foregoing embodiments, in place of, or in 
combination with, the auxiliary rudders 280, in accordance 
with the air speed of the aircraft 10 as described above with 
respect to FIG. 22. 

Referring to FIG. 28, any of the foregoing embodiments 
may be used to perform the illustrated method 450. The 
method 450 may include accelerating 452 the rotor 40 to an 
angular Velocity that will produce downwash. This may 
include accelerating 452 the rotor above the angular velocity 
the rotor 40 will later achieve due to autorotation. That angu 
lar Velocity corresponds to a Sustained airspeed equal to the 
current or future airspeed of the aircraft 10 for the current or 
future angle of attack and collective pitch of the rotor 40. 

Accelerating 452 may be performed by coupling the rotor 
40 to the engine 48 by means of a mechanical linkage or by 
activating a reaction drive prerotation system including the 
tipjets 50 as described hereinabove. Accelerating 452 may 
also be performed by manipulating the collective pitch and 
angle of attack of the rotor during landing or other maneuvers 
as described in U.S. Provisional Patent Application Serial No. 
61/429,282, filed Feb. 3, 2011 and entitled PRE-LANDING, 
ROTOR SPIN-UPAPPARATUS AND METHOD. 
The method may further include receiving 454 a yaw con 

trol input, Such as from a pilot, autopilot, or control unit 182. 
A lift (e.g., force or loading) imbalance on the tailbooms 12a. 
12b may then be generated 456 using any of the foregoing 
apparatus and methods. The lift imbalance may have a major 
component in the horizontal direction 384 such that a corre 
spondingyaw moment 24 is generated in a direction indicated 
by the yaw control input. 
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Generating 456 a lift imbalance may include releasing air 

from one or more vents 380a, 380b such as by actuating the 
flaps 392a, 392b. A lift imbalance may also be generated 456 
by actuating the flaps 410 of the embodiment of FIGS. 25A 
and 25B or by actuating the flaps 420 of the embodiment of 
FIGS. 26A, 26B. 

FIG. 29 illustrates an alternative yaw control method 460. 
Any of the foregoing embodiments may be used to perform 
the illustrated method 460. The method 460 may include 
accelerating 462 the rotor 40 to an angular velocity that will 
produce downwash as described hereinabove. The method 
460 may further include receiving 464 a yaw control input, 
such as from a pilot, autopilot, or control unit 182. Downwash 
from the rotor 40 may then be redirected 466 in order to 
generate a reactive force having a component in the horizontal 
direction 384 and a correspondingyaw moment 24. Redirect 
ing 466 the downwash may be accomplished by actuating the 
flaps 410 of the embodiment of FIGS. 25A and 25B or by 
actuating the flaps 420 of the embodiment of FIGS. 26A, 26B. 
The present invention may be embodied in other specific 

forms without departing from its spirit or essential character 
istics. The described embodiments are to be considered in all 
respects only as illustrative, and not restrictive. The scope of 
the invention is, therefore, indicated by the appended claims, 
rather than by the foregoing description. All changes which 
come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 

What is claimed and desired to be secured by United States 
Letters Patent is: 

1. An autogryro comprising: 
an airframe defining a flight direction; 
an engine mounted to the airframe; 
a lift rotor rotatably mounted to the airframe, the lift rotor 

defining an axis of rotation and being selectively 
coupled to the engine; 

a propulsion Source selectively powered by the engine and 
oriented to generate thrust parallel to the flight direction; 
and 

a first yaw flap and a second yaw flap positioned within a 
downwash of the lift rotor: the first yaw flap and second 
yaw flap offset from the axis of rotation, the first yaw flap 
mounted to the airframe to be pivotable about a first flap 
axis and effective to redirect air from the downwash and 
the second yaw flap mounted to the airframe to be piv 
otable about a second flap axis and effective to redirect 
air from the downwash, wherein the first flap axis is 
offset from the second flap axis in a lateral direction 
perpendicular to the flight direction; the first yaw flap 
and second yaw flap selectively pivotable to be effective 
to generate a corresponding yaw moment on the air 
frame about the axis of rotation; 

a rudder pivotably mounted to the airframe to pivot about a 
rudder axis substantially perpendicular to the flight 
direction; and 

a control system configured to receive yaw control inputs 
from a pilot, the control system having a first mode in 
which the yaw control inputs are coupled to at least one 
of the first yaw flap and second yaw flap and a second 
mode in which yaw control inputs are not coupled to the 
first yaw flap and second yaw flap. 

2. The autogyro of claim 1, wherein the first flap axis and 
second flap axis are oriented substantially parallel to the flight 
direction. 

3. The autogyro of claim 1, wherein the rudder is posi 
tioned outside the downwash of the lift rotor. 
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4. The autogyro of claim 1, wherein: 
the airframe comprises a fuselage and a tail boom extend 

ing therefrom, the tail boom mounting the rudder to the 
fuselage; and 
the first yaw flap and second yaw flap are mounted to the 

tail boom. 
5. The autogyro of claim 4, wherein: 
the tail boom has an upper surface and a lower surface, a 

first lateral surface extending between the upper and 
lower surfaces and a second lateral surface extending 
between the upper and lower surfaces opposite the first 
laterial surface; and 
the first yaw flap is mounted to the first lateral surface 

and the second yaw flap is mounted to the second 
lateral surface. 

6. A method for operating an autogyro comprising: 
rotating a lift rotor at a first angular velocity, the lift rotor 

rotatably mounted to an airframe and rotatable about an 
axis of rotation, the first angular velocity being greater 
than a sustained autorotative angular velocity corre 
sponding to a current airspeed of the airframe and ori 
entation of the lift rotor; 

receiving a first yaw control input; 
modulating a Velocity component of an air stream perpen 

dicularly away from the airframe, according to the first 
yaw control input, effective to generate a reactive force 
on the airframe and a corresponding yaw moment by 
activating at least one of a first yaw flap and a second yaw 
flap located on opposite sides of a portion of the air 
frame; 

determining that an air speed of the autogyro is above a 
threshold; 

receiving a second yaw control input; and 
in response to determining that the air speed of the auto 

gyro is above the threshold, coupling the second yaw 
control input to a rudder of the autogyro and refraining 
from modulating the velocity component of the air 
stream perpendicularly away from the airframe, accord 
ing to the second yaw control input. 

7. The method of claim 6, wherein: 
the airframe comprises: 

a fuselage, 
a vertical stabilizer, and 
a boom mounting the vertical stabilizer to the fuselage, 
and 
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the first flap and the second flap rotatably mounted to the 
boom on opposite sides of the boom. 

8. The method of claim 7, wherein: 
the boom has a lower surface; 
the flap is positioned on the lower surface; 
the flap has a flap axis of rotation extending substantially 

parallel to the longitudinal axis of the boom. 
9. An autogryro comprising: 
an airframe defining a forward flight direction: 
an engine mounted to the airframe; 
a lift rotor rotatably mounted to the airframe, the lift rotor 

defining an axis of rotation and being selectively 
coupled to the engine; 

a propulsion source selectively powered by the engine and 
oriented to generate thrust parallel to the flight direction; 

a rudder pivotably mounted to the airframe to pivot about a 
rudder axis substantially perpendicular to the flight 
direction; and 

a boom mounted to the airframe and extending outwardly 
therefrom: 
the boom, further comprising at least one vent oriented 

to direct air over a surface of the boom effective to 
alter lift exerted on the boom, the lift having a major 
component perpendicular to the axis of rotation; 

a compressed air source in fluid communication with the at 
least one vent; 

at least one actuator coupled to the at least one vent to 
selectively allow airflow through the vent; and 

a control system coupled to the rudder and the at least one 
actuator, the control system configured to receive yaw 
control inputs from a pilot, the control system having a 
first mode in which the yaw control inputs are coupled to 
the at least one actuator and a second mode in which yaw 
control inputs are coupled to the rudder but not coupled 
to the at least one actuator; 

controlling release of air from the compressed air source 
through the at least one vent. 

10. The autogyro of claim 9, further comprising: 
at least one vent cover selectively positioned over the at 

least one vent to hinder air flow therethrough; and 
the at least one actuator coupled to the at least one vent 

COVer. 

11. The autogyro of claim 9, wherein the at least one vent 
comprises at least two vents positioned on opposing sides of 
the boom. 


